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PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a transparent conductive base material 
that can be manufactured on relatively simple equipment 
without a complicated process and without the need for 
a vacuum unit, and that has a good adhesiveness to a 
transparent conductive film. 

SOLUTION: A transparent conductive film 6 with 6 

ultrafine particles 2 bonded together is formed on a . -.- - i 

surface of the base material by applying a solution with f 

organic-coated metal ultra-fine particles 1 dispersed in — ~r — 

a solvent to the transparent base material 5 and then £ 
heating the material. 
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♦ NOTICES* , 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the transparent conductive base material characterized 
by forming in said base material front face the transparence electric conduction film which said 
ultrafine particles combined by heating it after applying the solution which made the solvent 
distribute the ultra-fine particle covered with the organic substance on a transparent base 
material. 

[Claim 2] Said ultra-fine particle is the manufacture approach of the transparent conductive 

base material according to claim 1 characterized by particle size being 1-20nm. 

[Claim 3] Said ultra-fine particle is the manufacture approach of the transparent conductive 

base material according to claim 1 or 2 characterized by being a silver ultrafine particle. 

[Claim 4] The transparent conductive base material characterized by forming in a transparent 

base material front face the electric conduction film which consists of a metaled ultrafine 

particle. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transparent conductive base material in 
which the transparence electric conduction film was formed on base materials, such as 
transparent plastic film, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The thing in which the transparence electric conduction film was 
formed on transparent plastic film is widely used as a transparent conductive film as electrode 
layers, such as a solar battery, and a display device, photo-electric-conversion equipment. It is 
used also for an electric application like a translucency planar heating element and an antistatic 
display window, and an optical application like a heat ray cutoff aperture or solar collection-of- 
heat dexterous permselective membrane, and has the function which can be developed in an 
extensive field. A transparent conductive film is a film in which the transparence electric 
conduction film which has conductivity was formed here, having transparency on the film which 
consists of transparent macromolecule resin which is originally an electric insulator. The above- 
mentioned transparence electric conduction film has big conductivity and the good translucency 
in a visible region, and it is required that the reflective power in an infrared region should be still 
higher. On the other hand, when the electric conduction film is divided roughly, it is practically 
divided into a metal membrane and the oxide-semiconductor film, there are Au, Ag, Cu, Pd, Pt, 
aluminum, Cr, Rh film, etc. as a former example, and there are In 203, Sn02, Cd2 Sn04, CdO 
film, etc. as a latter example. Among these, when using silver (Ag), taking advantage of the good 
electrical conductivity of especially silver, it is used more often as alternative electric 
conduction film, such as electrode wiring. 

[0003] The conductivity of what is depended on gold as transparence electric conduction film 
using a metaled thin film here is 10-102ohm/**, and although, as for conductivity and 
transparency, transparency falls with the not not much sufficient adhesion of 70 - 80%, and the 
polyester film which is a substrate although it is good somewhat rather than Au, the thin film of 
Pd is put in practical use. As for the transparent conductive film using such a metal thin film, it 
is common to form a metaled thin film by the sputtering method here. Moreover, although it is 
inferior a little in chemical stability as compared with Sn02 since conductivity is [ the indium 
oxide (Indium Tin Oxide:ITO) which doped tin ] 102-106ohm/** as an example of the transparent 
conductive film using the oxide semiconductor film and transparency is 80 - 88%, it excels in 
transparency and conductivity and is used widely. As a method of forming this ITO film, a 
vacuum deposition method, the sputtering method, etc. using the indium oxide which added tin 
are used. Moreover, it is the film of the shape of sandwiches of the oxide semiconductor film and 
a metal thin film. Ti02 / Ag/Ti02 It is known that conductivity and transparency are 1- 
10ohm/**, and 75 - 85%, and conductivity and transparency of film are good. Moreover, the 
conductivity of the polyelectrolyte film and transparency are 106-1 01 Oohms / ** (it is 
dependent on humidity), and 80 - 85%. 

[0004] Such transparent conductive film is transparent on the giant-molecule base film used as 
a base material, and although created by forming and depositing the thin film which has 
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conductivity, the dry type forming-membranes methods, such a§ vacuum deposition and reactive 
sputtering, are mainly used for formation of such electric conduction film from the former. 
[0005] Generally, although the conductivity of the transparence electric conduction film becomes 
high in proportion to thickness, such an opaque degree increases transparency that it becomes 
reverse relation and thickness becomes large. Moreover, the degree changes with the film quality 
of the materials variously. In short, since conductivity and transparency have the relation which 
conflicts to thickness, they need to select the optimal thickness according to the situation of 
being used for the film quality of the material of the transparence electric conduction film, and it. 
When the thickness is set to about 20nm or less, while both the rate of the absorption of light 
and a reflection factor reduce a metal, transparency increases and comes to show the property 
as the so-called transparence electric conduction film. On the other hand, it is said from the 
balance of conductivity and transparency as mentioned above that the practical use thickness of 
the transparence electric conduction film is desirable about 3-1 5nm. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, since it is necessary mainly from 
constraint of a heat-resistant allowable temperature of plastic film to suppress membrane 
formation temperature lowness when metal thin films, such as silver, are deposited on plastic 
film, and are covered with these conventional approaches and the transparence electric 
conduction film is formed, both adhesion may become inadequate. Moreover, thermal stress and 
a thermal strain may be produced by the difference in both coefficient of thermal expansion, and 
a problem is in adhesion. Although in addition to the main membrane formation process adding 
pretreatment of substrate membrane formation, protective coat formation, etc. and after 
treatment, and performing them is usually performed in order to avoid these un-arranging, there 
is a problem that a production process is complicated in this case. Furthermore, since it will be 
inevitably accompanied by the vacuum devices of the scale more than fixed in order to perform 
membrane formation by vacuum evaporation© or sputtering, there is a problem that an 
installation cost becomes high and becomes a cost rise. 

[0007] This invention aims at offering the manufacture approach of a transparent conductive 
base material of having good adhesion it being able to manufacture with a comparatively easy 
facility, without [ without it was accomplished in view of the above-mentioned situation and 
complicates a process, and ] needing a vacuum facility. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
manufacture approach of a transparent conductive base material according to claim 1 is 
characterized by forming the transparence electric conduction film with which said ultrafine 
particles combined it with said base material front face by heating after applying the solution 
which made the solvent distribute the ultra-fine particle covered with the organic substance on 
a transparent base material. 

[0009] since [ of 200 degree-C or less extent ] firm association of ultrafine particles arises at 
low temperature comparatively, without it produces thermal stress and a thermal strain by this - 
- transparence healthy on plastic film — a conductor — the film can be formed with high 
adhesion, moreover, the thing for which baking processing under low temperature and an 
atmospheric pressure is comparatively performed as a result of using the solution which 
distributed the ultra-fine particle — a plastic film top — transparence — a conductor — the 
film can be formed. For this reason, a transparent conductive base material can be 
manufactured, without needing a vacuum facility and a complicated process like before. 
[0010] Moreover, said ultra-fine particle is characterized by the particle size of the manufacture 
approach of a transparent conductive base material according to claim 2 being 1 -20nm in claim 
1. Thereby, the characteristic property of an ultrafine particle mentioned above can be used. 
[001 1] Moreover, said ultra-fine particle is characterized by the manufacture approach of a 
transparent conductive base material according to claim 3 being a silver ultrafine particle in claim 
1 or claim 2. Thereby, the transparent conductive base material excellent in conductivity can be 
manufactured. Furthermore, silver and Ti02 If the transparence electric conduction film of 
multilayers is formed, the transparent conductive base material excellent in permselectivity can 
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be manufactured. 

[0012] Moreover, a transparent conductive base material according to claim 4 is characterized 
by forming in a transparent base material front face the electric conduction film which consists 
of a metaled ultrafine particle. It can be used as the very thin film while it has high conductivity, 
since this electric conduction film is a metal membrane in which the metaled ultrafine particle 
joined together and was formed. Thereby, transparent conductive base materials which have the 
permeability and conductivity of light, such as a transparent conductive film and transparent 
conductive glass, can be offered. Moreover, an ultra-fine particle and a base film will be in the 
alloy (mixing) condition with which both were mixed by both joint by selecting the suitable 
combination. Since the gestalt with which a part of ultrafine particles, such as silver, trespass 
upon the interior of the surface of a base film is taken in connection with this, the adhesion of 
the formed metal thin film and a base film will become very good. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to drawin g 1 thru/or drawin g 5 . Drawin g 1 shows typically the ultrafine particle 
covered with the organic substance, here — an ultra-fine particle 1 — particle size — 1-100nm 
(nano meter) extent — desirable — about 1~20nm **** — it is the detailed metal particles 2 
and the front face is covered with the organic substance 3. This ultra-fine particle 1 is obtained 
in the condition of having been covered with the organic substance, by pyrolyzing under at the 
temperature which is beyond the temperature to which the organic substance starts 
decomposition, and disassembles completely for example, an organic metal salt or a metal 
complex. The silver and the ultrafine particle whose metal is silver specifically As shown in 
drawing 2 , make what saponified the Myristic acid (myristic acid) or the Stearic acid (stearin 
acid) by the sodium hydroxide react with a silver nitrate, and a straight chain mold fatty-acid salt 
is compounded. Furthermore, after decomposing thermally and denaturing this at about 250 
degrees C under a nitrogen air current, metal particle size can manufacture what was covered by 
about 5nm by the organic substance in the perimeter by refining. Moreover, this ultra-fine 
particle can be formed also by decomposing a metal salt thermally in an organic medium, and 
acquires the condition that an ultra-fine particle and the organic substance carried out ionic 
bond in this case. Since these ultra-fine particles are covered with the organic substance, good 
homogeneity and dispersibility are acquired in an organic solvent. Furthermore, an ultra-fine 
particle dissolves and evaporates a metal in a vacuum, and can be formed also by cooling the 
gas again. 

[0014] And with the gestalt of this operation, this silver and ultrafine particle (ultra-fine particle) 
are used as a start raw material. A high-concentration solution can be produced without 
segregating in a solvent, since it has good dispersibility as mentioned above when an organic 
solvent, for example, a cyclohexane, is made to distribute the ultra-fine particle covered with 
this organic substance and a solution is produced. 

[0015] As shown in drawing 3 , this solution is applied on the transparent plastic film 5 made 
from polyester, and if it holds about about 30 minutes and calcinates at 200 degrees C after 
desiccation, a solvent volatilizes and can form the thin film 6 which consists of silver which fused 
by baking and was combined on plastic film. Here, with the property peculiar to an ultrafine 
particle to fuse at temperature far lower than the melting point of usual silver, in the case of 
about 5nm particle size, a silver ultrafine particle is fully fused at the temperature of about 200 
degrees C, is welded mutually, and forms the conductive film. In addition, the silver thin layer 
deposited on plastic film by this approach adjusts the particle size and the rate of a 
compounding ratio of an ultrafine particle when blending silver and an ultrafine particle with a 
solvent so that it can stop in the range (3-1 5nm) of the predetermined value of the above- 
mentioned [ the thickness after that baking ]. In the manufacture approach of this transparent 
conductive base material, a desiccation process can also be skipped depending on the case. 
[0016] By selecting the combination suitably, a part of surface of plastic film softens with a 
solvent (part elution), and plastic film and a solvent will be in the so-called alloy (mixing) 
condition with which both were mixed at the time of desiccation. Since a part of silver and 
ultrafine particle trespass upon the interior of the surface of plastic film in connection with it, 
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the formed maximum surface of a silver thin film and plastic filrn is unified, and both adhesion will 
become very good. It is avoidable un-arranging [ which originates in the lowness of the adhesion 
often observed with the conventional method by this ]. Thus, if the combination about which a 
part of surface of plastic film is eluted with a solvent is adopted, silver and an ultrafine particle 
will be unified in the condition of having trespassed upon the interior of an after [ heat 
treatment ] plastic film surface. 

[001 7] Moreover, if thermoplastics system adhesives are mixed to a solvent, the solution which 
distributed this silver and ultrafine particle to this mixture is applied on plastic film and a heating 
temperature up is carried out after that, since adhesives will combine with plastic film and will 
unify, in connection with this, a part of silver and ultrafine particle are incorporated in plastic 
film. The silver thin film layer with very sufficient adhesion which this combined with plastic film 
firmly can be obtained. 

[0018] Here, suppose as an example that plastic film was produced with polyester. To the shape 
of a film, polyester carries out heating extension processing and produces the polyethylene 
terephthalate (PET) obtained by carrying out the polycondensation of a terephthalic acid and the 
ethylene glycol. Therefore, the adhesives for PET are applicable. As adhesives for PET films, 
various things are already marketed, for example, the trade name S-400 of polyester, S-424, S- 
550, and S-430 have a principal component by ****** industrial stock type firm make. The 
desirable adherends of these [ S-400 ], S-424, S-550, and S-430 are PET/PET, copper/PET, 
PET/PET, and PP/PET, respectively. 

[0019] Moreover, other film can also be added and formed in silver and the ultrafine particle film. 
For example, as mentioned above, it is the upper and lower sides of a silver film Ti02 Since the 
optimal permselectivity is shown when it inserts by the film and is made sandwich structure, in 
order to form this sandwich structure, a silver film is formed by this invention, and on the other 
hand, it is Ti02. The film can be formed by carrying out fixed time amount exposure into the 
organic gas containing Ti. The example and optical property of this sandwich structure are shown 
in drawing 4 . 

[0020] Drawing 5 is drawing showing the manufacturing installation of the transparent conductive 
base material concerning the gestalt of operation of this invention. Transparent plastic film 1 1 is 
****(ed) from ******** 12, and is rolled round by the winder 13, and, thereby, plastic film 1 1 
runs continuously in accordance with a predetermined transit path. The plastic film 1 1 ****(ed) 
from ******** 12 runs contacting the field of one of these in the solution 15 held in the 
spreading tub 14 as a coater first. Thereby, the solution 15 which made the solvent distribute 
silver and an ultrafine particle is applied to one field (front face) of plastic film 1 1. 
Thermoplastics system adhesives are mixed by the solution 15 if needed. 
[0021] Subsequently, after drying by the dryer part 16 equipped with the fan as a dryer, the 
plastic film 11 to which the solution 15 was applied runs in the baking room 17 as heating 
apparatus, and is heated about about 30 minutes at the temperature of about 200 degrees C 
here. Thereby, the solvent on this plastic film volatilizes and welding and the united thin film are 
mutually formed for ultrafine particle-like silver on plastic film 11. Since this thin film is very thin, 
it has transparency, and it turns into transparence electric conduction film. In order to perform 
local exhaust air in the upper part of the above-mentioned baking room 17, the exhaust port 18 
is established in it. Then, plastic film 1 1 is rolled round by the winder 13. in addition, since there 
is generally a remarkable difference in the time amount which spreading of a solution 15 takes, 
and the time amount which desiccation and baking take, it is required to be alike to that extent, 
to respond and to incorporate the device in which the pass time of a dryer part 1 6 and the 
baking room 1 7 can be adjusted. 

[0022] In the manufacturing installation of this transparent conductive base material, since a 
special vacuum processing room is unnecessary, compared with the manufacturing installation of 
the conventional vacuum deposition method or the sputtering method, it can consider as far 
cheap equipment. Moreover, since a transparent conductive base material can be manufactured 
continuously, high manufacture effectiveness can be acquired. In addition, in the above- 
mentioned manufacturing installation, a dryer is also omissible depending on the case. 
[0023] 
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[Effect of the Invention] As explained above, according to this inventiqn, it is comparatively low 
temperature and the transparence electric conduction film which consists of a particle can be 
formed on base materials, such as plastic film, from the solution which moreover distributed the 
ultrafine particle in the state of the atmospheric pressure. Therefore, a transparent conductive 
base material can be manufactured simple and cheaply, without needing the vacuum devices 
conventionally needed by vacuum deposition or the sputtering method, without complicating a 
process like a conventional method. Moreover, since an ultrafine particle is used, the thermal 
stress and the thermal strain which the adhesion over base materials, such as plastic film of the 
transparence electric conduction film, can be raised, and originate in a differential thermal 
expansion can be reduced sharply. 



[Translation done.] 
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